Pancreatic cancer often invades the duodenum and causes obstruction, but rarely causes massive duodenal bleeding. A 68-year-old male was admitted to our hospital because of vomiting. Enhanced abdominal CT showed a hypovascular tumor with air bubbles in the uncinate process of the pancreas. The tumor invaded the duodenum and metastasized to the liver and peritoneum. The main trunk of the superior mesenteric artery (SMA) was circumferentially involved. After admission, he had hematemesis and melena. Emergency gastroduodenoscopy revealed pulsating vessels in the third portion of the duodenum and he eventually experienced hemorrhagic shock. Severe bleeding occurred from his mouth and anus like a catastrophic flood. It was difficult to sustain blood pressure even with massive blood transfusion with pumping. 
Introduction
Pancreatic cancer is highly malignant and it easily invades adjacent organs such as the stomach, duodenum, and bile duct. The main symptoms are abdominal pain, jaundice, nausea, and body weight loss. However, massive gastrointestinal bleeding associated with direct invasion to the duodenum is rare. Previously, Lee et al. [1] reported that only 2.6% of pancreatic cancer patients initially presented with gastrointestinal bleeding. Usually, hemostatic treatment including endoscopic, radiological, and surgical interventions can be successfully achieved. However, uncontrollable hemorrhage might lead to an oncological emergency in some cases.
Here we report a case of disastrous duodenal bleeding caused by direct communication between the main trunk of the superior mesenteric artery (SMA) and the duodenal lumen associated with pancreatic cancer.
Case Report
A 68-year-old male visited the primary hospital with complaints of body weight loss (20 kg/3 months) and vomiting. Abdominal ultrasonography revealed a pancreatic tumor and gastric dilatation. He was introduced to our hospital with suspicion of duodenal obstruction associated with pancreatic cancer. Blood examination revealed elevation of biliary tract enzymes such as ALP (481 U/L) and GGT (78 U/L), tumor markers such as CEA (6.8 ng/mL) and CA19-9 (987 U/mL) levels, and slight anemia (Hb level 13.1 g/dL). Enhanced CT showed a hypovascular tumor in the uncinate process of the pancreas with dilatation of the bile duct, pancreatic duct, and stomach (Fig. 1a) . The pancreatic tumor had air bubbles presumably from direct invasion to the duodenum. The main trunk of the SMA was circumferentially involved in the collapsing tumor (Fig. 1b) . The superior mesenteric vein and splenic vein were narrowed. Multiple low-density lesions highly suspected to be metastatic tumors were also detected in the bilateral lobe of the liver (Fig. 1c) . Intra-abdominal nodules suspected to be peritoneal dissemination were also detected. The patient was admitted to our department and a nasogastric tube was inserted for decompression. Elective gastrojejunostomy was scheduled several days later. The day before surgery, the drain fluid from the nasogastric tube changed from clear gastric juice to dark blood. The amount of excreted fluid was 300 mL. Emergency gastroduodenoscopy was performed and a deep ulcer with pulsating vessels was shown in the third portion of the duodenum (Fig. 2) . A hemostatic procedure was not performed because active bleeding from the ulcer was not observed. A few hours later, hemorrhagic shock occurred because of recurrent hematemesis and melena. The patient was transferred to the ICU and underwent resuscitative maneuver. Massive bleeding occurred from the mouth and anus like a catastrophic flood. It was difficult to sustain blood pressure even with massive blood transfusion and pumping. The estimated blood loss was extended well beyond 10 L. In total, we administered 6,000 mL of 5% albumin, 5040 mL of red blood cells, and 3,360 mL of fresh frozen plasma. We performed angiography to identify the source of bleeding. After aortic occlusion with an intra-aortic balloon catheter above the bifurcation of the celiac artery (Fig. 3a) , the massive bleeding stopped. Aortography revealed direct communication between the main SMA trunk and the duodenal lumen (Fig. 3b, c) . We did not perform further intervention because peripheral flow of the SMA could not be observed and the pancreatic cancer appeared to be anatomically and oncologically unresectable. The patient died 2 h after angiography.
Discussion
Pancreatic cancer has highly invasive characteristics, and it can cause various clinical symptoms such as abdominal pain, anorexia, nausea, body weight loss, and jaundice. Pancreatic cancer easily invades adjacent organs and sometimes causes gastrointestinal obstruction. Although duodenal invasion frequently occurs in patients with pancreatic cancer, massive gastrointestinal bleeding is seldom encountered. Pancreatic cancer is responsible for only 0.35-1.9% of upper gastrointestinal bleeding cases [2] . Lee et al. [1] reported that 2.6% of patients with pancreatic cancer presented with gastrointestinal bleeding as the initial manifestation. On the other hand, few authors have reported serious hemorrhage as an initial manifestation of pancreatic cancer [3] [4] [5] [6] .
The types of bleeding associated with pancreatic cancer are divided into the following three categories: (1) rupture of esophageal or gastric varices caused by narrowing of the splenic or portal vein, (2) bleeding from the pancreatic duct orifice (hemosuccus pancreaticus or wirsungorrhagia), and (3) bleeding from direct invasion of the tumor into the stomach or duodenum [7] .
Although endoscopic hemostasis is effective to stop bleeding and is considered the first choice of treatment, such a strategy is not always effective. Additionally, endoscopic clipping of exposed vessels often drastically changes the situation from a steady state to an uncontrollable state. In our case, active bleeding was not observed on gastroduodenoscopy. We did not treat the pulsating vessels located in the cancerous ulcer because the vascular diameter appeared to be oversized to manage endoscopically.
Transcatheter arterial embolization is useful for temporary hemostasis in cases with arterial bleeding as a second step. In cases of active bleeding, improvement of the general conditions has the highest priority. On the other hand, we should keep in mind that posttreatment ischemia can be caused by occlusion of the culprit vessels. Moreover, transcatheter arterial embolization is not always effective because of the presence of multiple collateral vessels from the celiac and superior mesenteric arterial communication. In our case, we did not perform radiological interventions because peripheral flow of the SMA could not be observed. As enhanced abdominal CT showed that the main trunk of the SMA was circumferentially involved in the collapsing tumor, prophylactic stent placement would be one of the choices of treatment. Previously, Nakai et al. [8] reported that a self-expanding bare metal stent and stent graft were successfully used to repair an SMA pseudoaneurysm and dissection after pancreaticoduodenectomy (PD). However, the possibility of graft infection should be considered even after successful hemostasis with stent placement [9] . Intra-aortic balloon occlusion (IABO) has been reported to be very useful in the case of hemorrhagic shock associated with abdominal or pelvic trauma [10] . IABO can block blood flow below the inflatable balloon and maintain central arterial pressure. In our case, after IABO above the bifurcation of the celiac artery, massive bleeding was effectively stopped. Few authors have reported the usefulness of IABO in temporary hemostasis for gastrointestinal bleeding [11] [12] [13] . We should keep in mind that long occlusion time is associated with abdominal organ ischemia and reperfusion injury.
Surgical hemostasis including PD is highly controversial. Z'graggen et al. [14] reported that emergency PD could be considered in the case of repetitive nontraumatic bleeding that required massive transfusion, unless the coagulation disorder showed progression. Lissidini et al. [15] suggested that emergency PD could be an effective life-saving operation for pancreaticoduodenal trauma, perforations, and bleeding. However, this approach should be performed in a high-volume center by surgeons with a high level of experience in hepatobiliary and pancreatic surgery. We did not perform emergency PD because the pancreatic cancer appeared to be anatomically and oncologically unresectable.
In conclusion, pancreatic cancer rarely causes disastrous bleeding. As the presence of air bubbles and vascular involvement may indicate an impending catastrophe, prophylactic stent placement can be considered as a treatment option. Additionally, IABO appeared to be useful for uncontrollable gastrointestinal bleeding. Fig. 1 . a Enhanced CT shows the hypovascular tumor (arrow) in the uncinate process of the pancreas and dilatation of the stomach and duodenum. The main trunk of the superior mesenteric artery (SMA; arrowhead) is involved in the tumor. b The pancreatic tumor shows air bubbles (arrow). The main SMA trunk (arrowhead) is circumferentially involved in the collapsing tumor. c An intrahepatic low-density lesion, highly suspected to be a metastatic tumor (arrow), and dilatation of the intrahepatic bile ducts are seen. 3 . a An intra-aortic balloon catheter is placed above the bifurcation of the celiac artery (arrow). A nasogastric tube is placed in the stomach. b, c Aortography shows direct communication between the main trunk of the SMA (arrow) and the inner cavity of the duodenum (arrowhead).
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